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ABSmCT 


The  design  details,  cost  analysis  and  perfoxnance  characteristics 
are  presented  for  small,  partlally-underground  fallout  shelters  utilized 
as  manned  stations  during  a  nuclear  veapon  effects  test.  Four  men 
occupied  each  shelter  and  operated  radiation  measuranent  and  fallout 
collection  instruments. 

Two  types  of  shelters  were  designed  to  withstand  predicted  over¬ 
pressures:  lype  I  for  a  1-psi  overpressure  and  II  for  a  5-psi 
overpressure.  The  basic  structure  consisted  of  an  8-ft  diameter,  lO-ft 
long,  12-gage  corrugated  steel,  multi-plate  pipe.  A  steel  entranceway 
incorporating  two  right-angle  turns  provided  access  to  the  basic  struc¬ 
ture.  Depending  upon  the  amount  of  soil  backfill,  fallout  gansna  radia¬ 
tion  protection  factors  up  to  U70,000  were  obtained. 

^Hie  overall  performance  of  the  shelters  under  the  conditions  ex¬ 
perienced  was  excellent.  It  is  suggested  that  shelters  of  this  type 
have  application  not  only  for  iise  as  manned  stations  in  nuclear  veapon 
testing  but  can  be  adapted  as  well  for  use  in  residential  areas  as 
single -family  fallout  shelters. 
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SIMIARY 


Rrcblem 

To  present  the  design  specifications,  cost  analysis  and  perfomsnce 
characteristics  of  4 naan  fallout  shelters  used  as  nanned  stations  to 
oibtain  experimental  measurements  during  a  nuclear  weapon  effects  test. 

Findings 

Six  4>man  shelters  Installed  at  the  Nevada  Test  Site  affoided  pro- 
tectlooj  during  fallout  In  a  nuclc  ir  weapon  effects  test,  to  personnel 
operating  instruments  and  collectors. 

The  design  specif lcatl<X3s,  cost  analysis  and  performance  character¬ 
istics  were  determined.  To  meet  the  design  specifications  for  the  pre¬ 
dicted  overpressuresi  a  l^pe  I  shelter  was  designed  for  a  l-psi  over- 
pressxire  and  a  lype  II  shelter  was  designed  for  a  5-p8i  overpressure. 

Oepei^lng  upon  the  amount  of  soil  backfill,  fallout  ganpona  radiation 
protection  factors  up  to  470, OCX)  were  obtained. 

Shelters  of  this  t/pe  have  applications  not  only  for  use  as  nanned 
stations  In  nuclear  weapon  testing  out  could  be  adapted  as  well  for 
use  in  residential  areas  as  single  family  fallout  shelters. 
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SECnOK  1 


IIITRODUCTIOri 


Radioactive  fallout  collection  and  gross  sample  analysis  were 
recently  completed  by  this  laboratory  during  a  nuclear  weapon  effects 
test  at  the  Nevada  Test  Site.  A  major  objective  of  the  project  was  to 
measure,  during  fallout,  the  deposition  dynamics  of  the  event  involving 
arrival  time,  mass  ra‘*‘e,  and  tis..^  of  cessation.  The  short 

lead-time  and  una’/ai lability  of  adequate  "on  the  shelf"  automatic  instru¬ 
mentation  to  measure  the  dynamics  of  the  fallout  event  led  to  the  choice 
of  utilizing  manned  stations  in  the  fallout  path.  From  these  manned 
stations,  personnel  were  able  to  manually  control  the  opening  and  clos¬ 
ing  of  fallout  collectors  and  start  gamma -measuring  instrumentation 
during  the  actual  fallout  event. 

To  satisfy  the  objectives  of  the  project,  six  4-nian  shelters  were 
designed,  fabricated  and  installed  at  the  Nevada  Test  Site.  Thie  lab- 
oratoiy  has  had  experience  in  the  design  and  operation  of  the  nanne-d 
shipboard  stations  at  Operation  Wigwam,^  Castle^  and  Redwing. 3  The 
design  and  operation  of  a  manned  fallout  shelter  was  proof -tested  at 
Operation  Plumbbob.^  Tlie  laboratory  has  also  pioneered  in  developing 
the  basic  concepts  of  fallout  shelter  design, 5^6  performance  and  manage¬ 
ment  . 


It  is  the  puiTXJse  of  this  report  to  present  the  design  specifications 
and  construction  costs  of  the  fallout  shelters,  to  describe  their  perform¬ 
ance,  and  to  point  out  the  adaptability  of  structures  of  this  type  as 
single-family  fallout  shelters  . 
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SECTION  2 


SHELTER  SIECIPICATrONS 


The  fallout  shelters  utilized  as  manned  stations  were  located  as 
shown  in  Table  2.1  to  maximize  the  probability  of  having  one  or  more 
manned  stations  in  the  fallout  pattern  and  thus  enable  personnel  manning 
the  shelters  to  control  fallout  coUecticm  and  measuring  instruments 
located  in  the  extensive  sampling  array.  The  shelter  specifications 
considered  for  each  location  the  following  factors:  (l)  initial  weapons 
effects,  (2)  fallout  effects,  and  (3)  habitability  requirements. 


TABIE  2.1 

Initial  Weapons  Effects 
(based  2-KT  Surface  Burst) 


Shelter 

Distance  Prom  Ground 
Zero  (feet) 

Maximum 

Overpressure 

^b/in^) 

Thermal 

(cal/cm^) 

Initial 

ft^iations 

Planned 

Installed 

Gemma 

(r) 

Neutron 

(ren) 

SI 

4,000 

4,500 

1.5 

3 

34 

16 

32 

8,000 

7,200 

0.6 

1 

2 

<  0.2 

S3 

12,000 

0,900 

0.3 

0.3 

0.2 

0 

SU 

10,000 

15,<j00 

0.2 

-  0 

-  0 

0 

35 

26,000 

25,400 

0.1 

0 

0 

0 

S6 

26,000 

20,000 

0.1 

0 

0 

0 
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2.1  nilTIAL  WEAPON  EFFECTS 


Table  2.1  lists,  for  each  planned  shelter  location,  estimates  of 
blast  overpressures,  thermal  effects,  and  initial  gamma  and  neutron 
mdiations.  The  estimates  were  based  on  data  from  the  Effects  of  Nuclear 
\Jcapons,  19627  for  a  2-KT  surface  burst. 


2.2  FAUjOUT  effects 


The  gamma  dose  and  1-hr  gamma  ionization  rates  at  exposed  positioriS 
along  the  dovnwind  axis  oi’’  the  predicted  fallout  pattern  were  estimated 
to  determine  the  chdelding  requirements  for  each  shelter.  Tlie  fallout 
iiattcrn  ms  based  on  a  pro-publication  version  of  a  simplified  fallout 
model. ^  The  calculated  doses  shown  In  "Table  2.2  for  each  of  the  planned 
shelter  locations  were  furti.er  adjusted  to  conform  with  Jangle^  monitor¬ 
ing  data  which  led  to  }'.ighor  accumilated  doses  tlran  those  predicted  from 
tlie  model.  The  tines  of  \<c(\'a  radiation  and  cessation  were  taken  from 
reference. 


A  simple  estimate  of  the  s)’JLclding  required  at  shelters,  to  be 
aclricvcd  by  means  of  attenUi-ivjn  of  the  gamna  radiations  through  earth, 
was  made  by  using  tlve  dose  transmission  curves  in  reference  7.  Using 
a  :,oscimun  cxpectou  stay  time  of  72  hours  and  allowing  shelter  personnel 
a  total  dose  during  occuj[nr.cy  of  100  '  r,  the  dose  transmission  factojrs 
(dtp)  for  each  shelter  obtained  by  Sq.  1  arc  presented  in  Table  2.3. 

Tire  reciprocal  of  the  DTP  or  protection  factors  (PP)  arc  also  given. 


DCF 


allowable  dose 
potential  dose 


(1) 


Px-om  the  DTP  cuim'cs  in  reference  7,  tlie  thic'.xcss  at*  earth  liaving 
a  density  vif  100  Ibs/ftB  will  give  the  necessary  attc.nuation  fren 
c  point  garasa  railiation  cn-uix'c  is  also  presented  in  Txble  2.3  for  each 
sh.clter  loeaticffi.  Ti'o  DTr’  obtained  for  the  dose  in  die  UoOO-fi  shelter 
(G1)  war.  also  used  for  tl.e  OOO-ft  slxrlter  (52),  since  the  "saddle  effect" 
‘rf\li -  tv  ’  '  *  ■  •  '  . . . 


ij'  the- 


implified  fallout  model  at  this  location,  as  shown  by 


ihc  dose  and  dose  XTitcs  In  Tables  2.2  and  2.3,  !sxd  nut  been  verified 
for  .small-yield  c%-ents. 
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table  2.2 


Planning  Values  for  the  Manned  Stations 
(2  KT~Surface  Burst,  15-MPH  Wind  and  No  Shear) 


SI 

U,0(X) 

ft 

S2 

8,000 

ft 

S3 

12,000 

ft 

Sk 

18,000 

ft 

S5 

26,000 

ft 

S6 

26,000 

ft 

Time  of  Ar25val  (min) 

3 

6 

9 

13 

20 

20 

Time  0*  Pealc  (min) 

6 

12 

18 

27 

IfO 

IfO 

Time  of  Cessation  (;  in)  37 

60 

80 

106 

138 

238 

Max  Field  D(..  Rate 

If, TOO 

110 

310 

llf2 

63 

63 

(r/hr) 

Field  Dose  Rate  at 

2,900 

75 

212 

100 

lf6 

h6 

Cessation  (r/hr) 

field  Dose  Rate  at 

1,650 

75 

305 

21k 

150 

150 

H+1  hr  (r/hr) 

Dose  to  Cessation  (r) 

2,100 

80 

290 

172 

97 

97 

Dose  to  H+1  (r) 

3,000 

80 

207 

75 

23 

23 

Dose  to  H+72  (r) 

7,700 

296 

1,070 

6if0 

360 

360 

Dose  to  «  (r) 

11,200 

455 

1,700 

1,060 

630 

630 

TABIE  2.3 

Dose  Transiuission  and  Protection  Sectors  Required  at 
Shelters  sind  Inches  of  Earth  (lOO  lbs/ft3)  to  Provide  Required  PF 


Shelter 

Potential 
Dose  to 
H+72  (r) 

Allowable  Dose 
Daring  Shelter 
Occupancy 
(r) 

DTP 

PP 

Inches  of 
Earth 

100  lb/ft3 

31 

7,700 

0.1 

1.3  X  10'5 

77,000 

120 

S2 

296 

0.1 

3.U  X  10-^ 

2,960 

90 

S3 

1,070 

0.1 

9.k  X  10-5 

10,700 

95 

S4 

O^o 

0.1 

1.5  X  10-7 

6,  If  00 

90 

S5 

360 

0.1 

2.8  X  107 

3,600 

S6 

360 

0.1 

2.3  X  10“^ 

3,600 

85 

If 


2.3  HABITABIUIY  RBiUIREMENTS 


Habitability  has  to  do  with  the  maintenance  of  suitable  environ¬ 
mental  conditions  within  the  shelter  during  the  period  of  occupancy. 

The  occupancy  time  in  each  shelter  is  also  dependent  upon  the  exterior 
field  gamma  dose  rate  which  shelter  occupants  can  enter  and  traverse 
without  overexposure  to  radiation.  In  this  CT>eration,  personnel  were 
excluded  from  any  rauiation  field  in  excess  of  10  r/hr,  and  an  evacuation 
dose  of  1  r  was  permissible.  The  maximxim  H+1  hr  gamma  dose  rate  pre¬ 
dicted  at  any  of  the  r.helter  locations  as  indicated  in  Ibible  2*3  is 
1650  r/hr.  The  reduction  by  radioactive  decay  of  this  dose  rate  to 
10  r/hr  would  take  approximately  72  hours.  The  1  r  evacuation  dose 
allowed  sufficient  time  for  evacuation  in  the  10  r/hr  field.  Habita¬ 
bility  requirements  for  the  shelters  were  consequently  based  on  a  mini- 
m\m  shelter  occupancy  of  72  hours. 

During  (-.his  period,  temperatui'e,  humidity  and  air  purity  must  be 
maintained  st  levels  consistent  with  human  endurance.  Shelter  occupants 
must  also  be  provided  with  food,  water  and  other  living  necessities, 
such  as  sleeping  and  sanitation  facilities,  for  the  desired  length  of 
occupancy.  Detailed  information  on  habitability  requirements  and  accom¬ 
modations  can  be  found  in  references  5  and  6. 
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SECnOR  3 


DESIGN  DElMlfi 


3.1  FROTDTIFE  SHEI/IER 


A  prototype  shelter  was  fabricated  and  Installed  at  the  USNRDL 
Field  Teat  Station  at  Camp  Parks,  California,  prior  to  the  production 
of  the  six  shelters  required  for  the  weapon  effects  tesx.  Direct 
measurements  (described  in  Section  U.l)  were  made  of  the  shielding 
afforded  by  the  prototype  shelter  and  entrance  design.  In  addition 
the  proposed  manually  operated  sample  collecting  system  was  evaluated. 

Experience  gained  in  the  fabrication,  installation  and  operation 
of  the  prototype  was  Incorporated  into  the  final  design  of  the  field 
shelters.  These  are  discussed  in  the  following  sections.  To  meet  the 
design  specifications  for  the  predicted  overpressures,  a  IVpe  I  shelter 
was  designed  for  a  l-psi  overpressure  and  a  TVpe  II  shelter  was  designed 
for  a  5“P8i  overpressure.  Type  II  shelters  were  installed  at  SI  and  S2, 
Type  I  shelters  were  Installed  at  S3,  S4,  S5  and  S6.  Specifications 
for  the  shelter  are  indicated  on  the  applicable  drawings  in  Appendix  A. 
A  cutaway  view  of  the  shelter  Is  shown  in  Pig.  3*1* 


3.2  BASIC  STRUCTURE 


Pre^ous  experience  with  semi-circular  underground  fallout  shel¬ 
ters^#  5, 6  led  to  investigations  for  using  similar  circular  structures. 
An  evaluation  of  various  tubular  sections  was  conducted.  The  Armco* 
corrugated  multi -plate  pipe  was  selected. 


^Airmco  l>ralnBge  and  Metal  Products,  Middletown,  Ohio. 
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In  the  final  design  (Figs.  A.l  and  A. 2,  Appendix  A),  the  basic 
structure  consisted  of  an  8  ft  diameter,  12-gage  corrogated  steel  inulti- 
plate  pipe.  In  the  lype  I  shelters  the  10-gage  rear  bulkhead  was  heavily 
reinforced  hy  two  vertical  6  in.  I-beams  and  transverse  headers  of  the 
same  si2se  steel.  The  forward  bulkhead  was  also  10  gage  and  stiffening 
was  provided  the  entranceway.  In  the  lype  II  shelters, 
bulkheads  were  used. 

The  4  ft  wide  x  3  ft  long  floor  was  3/4 -in.  plywood  supported  on 
2-in.  X  4-in.  Joists  resting  7  in.  from  the  bottom  of  the  multi -plate 
pipe.  Plywood  benches  2  ft  wide  x  8  ft  long  were  installed  with  angle 
bars  on  the  sides  of  the  circular  pipe.  A  4-ft  aisle  was  left  for 
working  space. 

A  simple  26-in.  x  75-in.  standard  wood  door  equipped  with  a  simple 
latch  was  installed  in  the  bulkhead  of  the  basic  structure  at  the  en¬ 
trance  end.  Since  the  main  access  door  was  designed  as  a  blast-resist¬ 
ant  door,  no  attempt  was  made  to  make  this  internal  door  air-tight. 

Figure  3*2  is  an  interior  view  of  the  shelter  area  showing  access  door 
and  benches. 


3.3  iittrance 


The  entrance  design  considered  the  following  factors:  (l)  two 
right -angle  turns  to  provide  the  necessary  gamma  attenuation,  (2) 
shallow  placement  of  basic  structure  and  (3)  ease  of  access  for  instal¬ 
lation  of  equipment. 

The  entrance  was  made  in  two  pieces  for  ease  of  handling  and  ship¬ 
ment.  One  rectangular  piece,  3  ft  wide,  7  ft  high  and  6  ft,  9  in.  long, 
was  welded  directly  to  the  end  bulkhead  of  the  shelter  structure  (Fig. 
A.l).  The  end  Joints  of  each  entrance  section  were  drilled  for  l/2-in. 
bolts,  6-in.  on  center  on  all  four  sides.  Gasket  material  was  used  to 
make  the  assembled  entranceway  water-tight.  The  second  section  (Fig. 

A. 3)  the  entrance  formed  a  right  angle  on  the  horizontal  plane  with 

the  fixed  section  and  angled  ujward  at  approximately  30  degrees.  Steps 
were  fabricated  from  raised  steel  plate  for  this  section  and  were  welded 
in  place.  Type  I  shelters  were  fabricated  out  of  l/3-in.  steel  plate 
and  the  lype  II  shelters  were  fabricated  out  of  3/16-ln.  steel  plate. 
Structural  stiffening  was  accomplished  with  3  x  3  x  l/4-in.  angles  in 
Type  I  entranceways  and  4-in.  I-beams  in  lype  II  entranceways . 
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?iZ>  3.2  A  View  or  ohcltci*  Area  Showins  Access  Door  and  Benches  (look- 
in^  rorward) .  Tlic  rectanju^J'  awrature  on  the  ri^jht  is  the  ventilatlOTi 
intahe;  the  e/Jiauct  duct  is  to  the  left  of  the  door. 
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At  the  top  of  the  entrance  steps,  a  metal  blast-  and  fire-resist¬ 
ant  door  vas  fitted  30  degrees  to  the  horizontal.  Because 
of  this  mounting  angle,  the  metal  door  had  to  be  lightweight  to  allow 
a  person  of  average  strength  to  open  It.  To  obtain  the  lightness  and 
strength  required,  an  alrcraTl  fabrication  technique  was  employed  in 
which  two  lo-gage  black  Iron  mating  peuis  were  glued  over  an  aliunlnisn 
honeycomb  core  with  a  high  tensile  strength  epoxy  cement.  Design  speci¬ 
fications  of  similar  doors  using  l8-gage  plate  are  given  In  reference  6. 

Use  door  was  hung  with  marine-type  loose  pin  hinges.  Closure 
against  a  metal  coaming  covered  with  a  formed  rubber  gasket  was  effected 
by  dog  clamps.  Because  of  warpages  resulting  from  Incorrect:  fabrication 
processes,  sponge  rubber  adhesive  weatherstrlpplng  was  added  to  the  door 
to  Insure  an  alr-tlght  fit.  ?lgure  3*3  Is  a  view  of  the  entrance  assem¬ 
bled  to  the  basic  structure. 


3.U  BIAST  AlVLLfSIS 


Since  a  fallout  shelter  reqirlres  a  considerable  thickness  of  material 
for  shielding  against  gamma  radiation,  s'ibstantial  protection  against 
air  blast  Is  provided  at  small  additional  cost.  Protection  against  the 
overpressures  anticipated  at  the  shelter  locations  was  readily  achieved 
by  providing  adequate  strength  at  entrance  and  ventilation  openings. 

The  maximum  anticipated  overpressure,  as  Indicated  In  Table  2.1  was  1.3 
pal  for  the  closest  shelters,  SI  and  S2.  These  shelters  were  therefore 
designed  for  5-P8i  overpressure  to  provide  a  safety  margin,  and  the 
remaining  four  were  designed  for  1  pel. 

The  blast  analysis  was  approached  In  two  ways.  The  basic  structure 
was  regarded  as  a  pressure  vessel  under  a  slunOated  hydrostatic  pressure 
under  (l)  Inelastic  and  (2)  elastic  conditions.  Results  varied  widely 
due  primarily  to  the  fact  that  there  was  no  direct  foraula  to  account 
for  the  corrugations  idilch  unquestionably  added  to  the  strength  of  the 
•trttc:ture«  The  analysis  of  the  structure  was  resolved  by  taking  actual 
load  test  results  with  combined  dead  and  live  loads.  Using  the  recom- 
meodatlona  offered  by  the  AASHO*  'Standard  Specifications*,  the  R-20 
type  road  loading  was  adopted  as  the  criteria  of  strength.  Further 
data  for  approved  maxlmimi  loads  was  secured  from  the  Armco  Co.  Total 
safe  loading  was  then  converted  to  actual  pressiure  upon  the  structure 
using  a  fiber  strength  value  of  20,000  pel. 

^American  Aaaoclation  State  Highway  Officials. 
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nibble  3*1  presents  the  maximum  overpressures  as  derived  from  the 
analysis  that  the  shelters  are  capable  of  absorbing  with  no  defornation. 
The  calculated  resistance  values  using  standard  formulae,  are  for  the 
following  conditions: 

(a)  shelter  biirlal  depth  -  5  ft  6  in,  (see  Pig.  A. 6) 

(b)  compacted  baclcflH  of  3  ft  on  lype  I  shelter,  5  ft  on  lype  II 
shelter 

(c)  soil  density  -  100  Ibs/ft^  ^ 

(d)  emgle  of  repose  of  soil  -  45 


ISie  reflected  pressure  was  calculated  from  the  equation  in  reference  11. 

Pr  =  Po  (2  +  Po/20) 

2 

where  Pr  =  reflected  overpressure  in  Ibs/in 
Po  ap»bi''nt  overpressure  in  Ibs/in^ 


In  solving  for  the  end  bulkhead  resistance,  the  problem  reduced  to 
the  case  of  a  flat  plate  with  edges  fixed  under  unij^orm  Ioq^’  pressure 
over  the  entire  surface.  The  addition  of  stiffeners  was  solved  jointly 
by  superposition.  Greatest  stress  was  obtained  at  the  restrained  edgCL, 
vhere  the  radial  stress  was  the  governing  factor. 


ISic  entranceway  was  handled  in  a  similar  manner,  except  that  the 
structure  was  designed  to  the  minimum  allowable  overpressures.  This 
kept  the  cost  to  a  minimum  and  provided  a  lighter  weight  unit.  Reduced 
weight  was  aided  In  the  rigging  and  assembling  of  the  bul]y  components 
in  the  field. 


3.5  VIWniATICW 


The  ventilation  system  (Fig.  A.  5)  was  designed  to  provide  a  total 
air  flow  rate  of  200  cfm,  or  50  cfm  for  each  of  the  four  people  manning 
the  shelter.  The  exterior  ducts  (Fig.  3*^)  were  of  4-ln.  starxiard  nipe 
and  the  interior  ducts  were  of  20-gage  sheet  steel.  Both  intahvc  and 
exhaust  ducts  led  into  the  shelter  space  proper  via  the  entranceway  and 
terminated  on  the  forward  bulkhead  (Pig.  3*1) •  This  design  resulted  in 
an  entranceway  which  was  unventilated  but  free  of  contamiration. 

Hie  intake  bonnet  (Pig.  3»^)  was  19-1/2  in.  in  diameter  and  fixed 
to  the  intake  vent.  Bie  bonnets  of  the  lype  II  shelters  (Sl,  S2)  were 
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TABI£  3-1 


Summary  of  Blast  Analysis  on  Shelter  Components 


Component 


Material 


Calculated 

Resistance 

_  (psU! _ 


Shelter 
Front  Bhd. 
Entrance 
Door 


Shelter 
Front  Bhd. 
Entrance 
Door 


Shelter  lype  I 

(For  3“^^  earth  cover,  1-psi  Overpressure 
and  Frontal  2.03  Reflected  Pressure) 


10  ga.  steel  132 

l/C  in.  steel  l6.6 

l/3  in.  steel  2.3^ 

l6  ga.  steel  35*0 


Shelter  lype  II 

(For  5-f't  earth  cover,  5-psi  Overpressure 
and  Frontal  11.2$  Reflected  Overpressure) 


10  ga.  steel  132 

3/I0  in.  steel  I9.6 

3/16  in.  steel  5,09 

16  ga.  steel  35. 0 
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VntlJjltloa  Intake  and  fixhauet  Vents 


Kg.  3.k 


made  retractable  and  self-sealing  as  required  for  the  predicted  over¬ 
pressures.  A  manual  pull  chain  and  latch  was  used  to  retract  the  bon¬ 
net.  A  fiberglass  filter  was  installed  in  the  bonnet  to  pre-filter  the 
large  qiiantitles  of  dust  generated  by  vehicular  traffic  near  the  shelters. 

An  absolute-type  filter*’  was  employed  in  the  duct  system  to  exclude 
radioactive  patiilcles  from  the  interior  of  the  shelter.  The  filter  was 
encased  in  a  removable  transition  piece  so  it  could  be  readily  changed. 

Tl'ie  location  in  the  entranceway  provided  easy  access  to  the  filter  hous¬ 
ing  and  was  so  chosen  that  earth  shielding  was  available  between  the 
filter  and  shelter  occupants.  In  addition,  in  event  of  blocltage  of  the 
intake  system,  the  blast  door  could  have  been  cmcked  and  air  admitted 
to  the  filter  at  the  transition.  Had  this  happened  during  fallout  some 
radioactive  particles  would  have  been  carried  down  the  entranceway,  but 
clean  air  still  would  have  been  delivered  tc  the  shelter  proper. 

A  l>'W-volune,  200  cfm  high-pressure  centrifugal  fan  was  used  to 
overcane  the  high  head  loss  in  the  duct  system  due  to  the  pressure  drop 
across  the  absolute  filter.  In  addition,  a  by-pass  wa«  pro¬ 
vided  to  allow  the  use  of  an  30  cfm  auxiliary  hand-powered  ventilation 
fan, adequate  for  the  four  occupants,  in  case  of  e3ectrical  power  failure. 
Although  tlic  air  intake  ard  exhaust  vents  were  in  proximity,  adequate 
shelter-air  mixing  was  obtained  by  intake  baffling  when  the  power- 
driven  blower  was  utilized.  During  use  of  the  hand-operated  fan, 
better  air-mixing  could  have  been  provided  by  directing  the  intake  air 
to  the  rear  of  the  shelter  via  an  inexpensive  canvas  duct. 

Tests  with  the  prototype  ventilation  systems  showed  that  the  bulk¬ 
head  upon  which  the  fan  was  mounted  acted  as  a  sounding  drum  in  spite 
of  liberal  use  of  rubber  bushings  and  gaskets.  The  noise  level  was 
finally  reduced  to  on  xinobjectlonable  level  by  spraying  the  interior 
of  the  bulkheads  in  the  basic  structure  with  a  1-ln.  coating  of  veral- 
cullte  acoustical  material. 

The  cxlnust  system  (Fig.  3*^)  vas  simply  a  4 -in.  pipe  duct  that 
was  run  fran  the  forward  bulkhceui  of  the  shelter  to  the  outside.  It 
terminated  in  an  Inverted  U-ohaped  loop.  Air  exhaust  vm  effected  by 
positive  pressure  in  the  shelter  (supplied  by  the  intake  fan)  and  the 
latural  rise  of  heated  air. 


•Ultra-airc,  manufactured  by  Mine  Safety  Appliance,  Minneapolis,  Minn. 

note:  In  order  to  insure  caaplctc  safety,  absolute  filtration  was  aa- 
ployed  in  the  Intake  system.  Whether  such  heroic  air  cleaning 
neasurcs  were  necessary  is  the  subject  of  a  current  study  for 
the  Office  oi'  Civil  Defense  ly  this  laboratory. 


15 


3.6  POfr/ER  AM)  LKffiUHG 


Electrical  power  was  provided  from  an  external  12.5-KW  6o  cycle  AC 
Sasoline-driven  motor  generator  moiaited  on  a  2-wheel  trailer.  The  power 
cables  were  run  through  a  U-in.  standaisi  pipe  to  the  generator  control 
panel  located  at  the  base  of  the  stairs  in  the  entranceway.  Provision 
was  made  for  remote  starting,  stopping  and  voltage  regulatlcxi.  The 
generator  was  equipped  with  a  250-gal  fuel  supply,  sufficient  for  72 
houi’s  of  continuous  operation. 

T.;o  C-ft  fluorescent  lajnp  fixtures  (four  40-vatt  lamps)  were  mounted 
over  the  uorl;  benches.  One  incandescent  fixture  was  provided  in  the 
entrance  near  the  generator  control  panel.  Convenience  outlets  were 
provided  on  each  side  of  the  main  vrorking  area. 


3.7  UJSTHU'EIffiiriOII  PACICAGE 


A  periscope,  located  in  the  approximate  center  of  the  shelter  was 
installed  for  external  viewing  shelter  personnel.  Consviltation  with 
optical  manufacturers  resulted  in  the  selection  of  a  7  ft  long  periscope* 
fabricated  froiii  l~l/2  in.  dia.  aluminum  tubing.  ‘Riis  periscope  was 
equipped  with  two  prisms  and  an  eye-piece  with  a  magnification  factor 
of  1.  The  field  of  viw  of  this  simple  but  adequate  periscope  was  17 
degree c . 

Originally  the  periscope  was  designed  so  that  it  could  be  rotated 
and  retracted.  However  it  was  concluded  in  prototype  tests  that  retrac¬ 
tion  was  unnecessary.  A  simplified  design  to  hold  tJ-ie  periscope  in 
pDnee  -j.’ith  the  rotational  feature  consisted  of  an  exterior  pipe  casing 
wlLh  an  ordinary  pipe  coupling  attached  to  the  periscope  tube.  The 
external  prism  was  located  12-10  in.  above  the  earth  fill.  In  the 
shelter  a  poi'ts.ble  stand  enabled  personnel  to  use  the  periscope.  Grab 
rungs  were  attached  to  the  shelter  on  each  side  of  the  periscope  to 
provide  the  vic’./er  stability. 

The  exterior  gamma  radiation  dose  rate  was  measured  with  a  self- 
rsudlng  doslneter  and  a  remote -reading  radiac.  A  dosimeter  tube  of 


*i'lamu'’acturcd  by  Tinsley  laboratories,  Inc.,  6th  and  Dwight  Sts., 
Derh.cley,  Calif. 


1-in.  pipe  led  from  the  interior  of  the  shelter  and  terminated  3 
above  the  earth  fill  over  the  shelter.  When  used  to  obtain  an  external 
dose  rate  reading,  a  dosimeter  attached  to  the  end  of  a  rod  was  run  up 
to  the  measuring  position  for  a  timed  interval.  The  upper  end  of  the 
dosimeter  tube  was  capped  to  prevent  contaminant  from  entering  the  work¬ 
ing  area.  !I5ie  remote -reading  radiac  (A1I/BjR-39)  specially  modified 
to  allow  direct  reeidout  in  the  shelter  of  the  exterior  dose  rate.  * 


3.8  KABITABILnY  mOCAGE 


Equipment  and  supplies  necessary  for  the  planned  72-hr  occupancy 
are  itemized  in  Table  3*2.  A  chemical  toilet  was  located  in  the  comer 
of  the  entranceway  behind  the  entrance  door  to  the  shelter  proper.  Hhe 
exhaust  vent  of  the  chemical  toilet  was  connected  to  the  nain  exhaust 
vent  of  the  shelter.  In  areas  of  significant  overpressure  (shelters  SI 
and  S2)  provision  was  made  to  connect  the  toilet  exhaust  vent  to  the  main 
exiiaust  vent  after  passage  of  the  blast  wave.  The  bulk  of  the  equipment 
and  supplies  was  stored  on  shelves  beneath  the  work  benches  in  the  shel¬ 
ter  area. 


3.9  INSTAUATION  SPECIFICATIONS 


The  excavation  plan  for  the  shelters  is  shown  in  Fig.  A. 6.  Hie 
shelters  were  burled  to  a  depth  of  5  ft,  6  in.  and  backfilled  so  that 
they  were  covered  with  the  minimum  earth  cover  indicated  in  Table  3*3» 
Selection  of  the  depth  of  burial  was  controlled  in  this  case  by  a  12  in. 
dia.  pipe  attached  to  the  rear  bulkhead  of  the  shelter  and  leading  out¬ 
side  to  a  fallout  collection  platform.  This  pipe  was  for  the  manual 
operation  of  fallout  col].ection  equipment  on  the  platform  by  personnel 
in  the  shelter.  The  height  of  the  opening  for  the  pipe  in  the  shelter 
had  to  be  ccmpatible  with  ease  of  operation. 

The  backfill  requirements  were  based  on  the  specifications  outlined 
in  Section  2.3  and  listed  in  liable  2.4.  To  minimize  the  height  of  soil 
over  the  shelters  and  still  maintain  the  attenuation  requirements,  the 
backfill  was  compacted  with  pneumatic  tampers  and  water.  Core  samples 
were  obtained  periodically  during  bacltflll  and  compaction  operations  to 
*P.  A.  Covpy.  A  Remote  Reading  Radiac.  Technical  Report  in  preparation. 
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031^  3*2 

IgilpMnt  and.  Supplies  FUmlshed  for  72  hr  Occupancy  by  4  Men 


Quantity 


Description  of  Item 


2 

4 

4 

2  cases,  24 
rations  per  case 
1 
1 
1 

1  lot 

1 

1 

1 

I 

1 

1 

1  lot 


Adjustable  chairs 
Sleeping  bags 
Air  mattresses 
C-ratlcns 

Hot  plate 
Ice  chest 
lO-gaJ.  water  can 

Mlsc.  cleaning  sullies  (wash  &  drl,  hand 
cleanser,  tissue) 

Chemical  toilet  and  supplies  (chemicals, 
toilet  paper,  deodorant) 

Electric  clock 

S-day  mechanical  clock 

Flashlight 

Hand  lantern 

First  aid  Iclt 

Tools  (shovel,  cro^/bar,  sledge  hanaaer) 


TmE  3*3 

Results  of  Backfilling  and  Compaction  at  Shelters 


Shelter  Nlnlmum  Depth*  Density  Achieved  Equivalent  Depth 
(in)  (lb/ft3)  at  100  Ib/ftJ 

(in.) 


SI 

53 

126 

67 

S2 

58 

126 

73 

S3 

4l 

126 

52 

S4 

43 

126 

53 

85 

43 

103 

44 

S6 

43 

103 

44 

^k!!«iter  line  thickness. 
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Insure  the  proper  soil  density.  !Ihe  results  of  the  backfilling  are 
given  In  Table  3.3  along  with  the  required  depth  of  backfill  from  Table 
2.4.  !nie  backfill  depth  was  measured  directly  over  the  centerline  of 
the  shelter;  hence  it  was  the  minimum  thickness.  !Rils  provided  an  aver¬ 
age  equivalent  thickness  that  exceeded  that  shovm  In  Table 

Before  Installation,  the  shelter  and  entrance  were  bolted  together. 
The  conq>lete  assembly  was  placed  Into  the  excavation  (as  one  unit,  a 
procedure  greatly  slziq>llfying  the  field  Installation. 


3.10  COST  AlWUUfSIS 

The  specifications  and  costs  for  the  construction  and  outfitting 
of  the  fallout  shelters  are  given  in  Ibbles  3«^  and  3*5»  Excluded  from 
the  cost  analysis  are  the  Installation  costs,  l.e.,  assembly,  excavation, 
and  backfilling.  The  prototype  shelter  was  installed  at  Gamp  I^rks, 
California,  using  station  labor.  The  costs  of  installing  the  shelters 
at  the  Nevada  Test  Site  are  atypical.  Infozmatlcxi  on  Installation  costs 
can  be  found  In  references  3  ^d  6  where  a  summary  of  -typical  costs  of 
excavation,  backfilling,  and  hauling  are  given.  A  brief  description  of 
each  Item  is  also  listed.  The  shelters  were  designed,  prefabricated 
and  Ins-tailed  In  less  than  four  months.  Tar  this  reason,  some  of  the 
prices  In  Tables  3*^  and  3.3  are  not  necessarily  the  most  economically 
available.  To  speed  up  the  fabrication  of  the  shelters,  two  separate 
contracts  were  Issued,  one  for  -the  basic  structure  and  the  other  for 
the  entranceuays .  In  addition,  premium  pay  for  overtime  work  added  13 
to  20  percent  to  the  production  costs.  The  costs  are  on  a  "one  off" 
basis. 


The  costs  of  the  Type  I  shelters,  which  -would  be  the  most  cooaonly 
employed  are  gl-ven  In  Table  3.4  euad  the  costs  for  the  basic  structure 
and  entrances  gl-ven  In  Table  3*^  for  the  TTPO  11  shelter  faa-ving 
hea-vler  plate  and  stiffening  members. 
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Specifications  and  Cost  for  Oype  I  Plallout  Shelters 
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Specification*  and  Coat  for  3^  n  fUloiit  Sbaltara 


SBCTXOR  4 


roRFOFMAlfCE 


4.x  omk  kTmmncti  MBASuRBffins 


A  ccnpXete  set  of  shelter  ganaa  attenuation  caleuXatiooB^  supported 
Isy  on-slte  radiation  neasureoients,  was  oade  to  asstire  that  the  entrance 
design  and  backfilling  of  the  shelters  were  sufficient  to  provide  the 
required  protection  factors  listed  in  Cbble  2.4.  Ihe  estloates  were 
bMed  on  the  conqprehensive  procedures  outlined  in  reference  12  for  cal* 
culatlng  protection  factors  of  typical  structural  types  and  fallout 
geoBietrles.  ihe  procedures  also  Include  calcxilatlons  of  the  scattered 
radiation  that  enters  through  entrancevsys .  The  various  steps  in  the 
calculations j  the- equations^  constants,  etc.,  used,  and  the  intexnedlate 
and  final  results,  are  given  in  Appendix  B. 

inte  on-site  radiation  tests  were  conducted  using  a  traveling  Co^ 
source.^  The  encapuslated  TO-curle  source  vas  lydraultcalTy  pontped 
at  a  constant  speed  through  1000  feet  of  polyethylene  tUhlng  placed 
over  the  backfilled  shelters.  Pencil  doeiaeters,  located  3  ^  above 
the  backfilled  shelter  and  at  various  locations  inside  the  shelter, 
measured  the  accumulated  gamma  doses. 

The  oalculatad  and  measured  protection  factors  for  sach  shelter 
are  comiaLred  in  Tkble  4.1.  It  is  seen  that  In  all  oases  except  one, 
the  minlnaaa  calculated  or  measured  protection  of  factor  is  equal  or 
better  than  the  re<piired  protection  factor. 


4.2  fifYiBomnia  siunr 


An  enviroonental  study  uas  conducted*  in  one  of  the  installed 
shelters  st  the  Bevads  %st  Site  to  demonatrate  that  short-tem 

•lehr  KoUy,  nx,  BuTards  A  Docks  Program  Qfflear,  KBDL. 


!Q(U3IE  4.1 

Oi^eiilRted  and  Neamired  j^tectlon  Factors  at  Shelters 


frcmt  End 

Back  End 

Required 
(a&ble  2.4) 

Oalculatad 

MecMured 

Calculated 

Measured 

SI 

70,000 

« 

470,000 

« 

77,000 

S2 

70,000 

t 

470,000 

# 

3,000 

S3 

y,ooo 

50,000 

130,000 

i4o,ooo 

10,700 

S 

63,000 

71,000 

190,000 

l40,000 

6,400 

S5 

30,000 

32,000 

48,000 

48,000 

3,600 

86 

30,000 

(no  data) 

48,000 

(no  data) 

3,600 

soil  from  s  previous  GZ  site  vas  used  for  backfill.  It  pro¬ 
vided  s  tMickground  of  approoclmately  0.2  lor/hr  inside  the  shelter.  Xhis 
vas  sufficiently  large  to  negate  all  attenuation  measurements  with  the 
available  70-curle  Co^  source. 


occupancy  vould  have  no  adverse  physiological  or  psychological  effects 
t^on  the  occupants.  Similar  studies  had  been  conducted  in  a  series  of 
long  duration  teats  (?  days  to  2  ve^)  In  the  USNHDL  lOO-man  Fbllout 
Shelter  at  Qmep  BurkSi  Oallfomia.^^^^^  Hcvever,  It  vas  deemed  desir¬ 
able  to  conduct  an  environmental  test  prior  to  occupancy  during  a  weapon 
effects  test  because  of  dlffezi»nce8  in  soil  composition,  temperature, 
and  luBildlty  betveen  Camp  Burks  and  the  Nevada  Test  Site. 

Accordingly,  four  s\d>Ject8  entered  one  of  the  shelters  In  the 
early  moralng  and  spent  10  continuous  hours  In  the  shelter.  The  motor- 
gttierator  vas  activated  and  all  eguipoient  that  could  contribute  to  the 
interior  heat  load  vas  turned  on.  The  ventilation  blower  was  continuously 
Operated  and  every  half-bouQ  measurements  were  taken  of  CO,  CO2  and  Og 
concwtratlona,  of  wet-  end  dxy-bulb  Interim  air  teiqeratures,  and  of 
dry-bulb  ventilation  air  temperature. 

The  results  of  the  measurements  are  sunmarlBed  In  Table  4.2.  These 
may  be  Interpreted  by  coBEparlaon  with  established  shelter  standards. 

The  ^Iter  occupants  axparltnced  no  discomfort  and  found  the  shelter 
to  ba  acceptably  habitable. 


TABIE  k.2 


Suitnan''  Ox  Environmental  Study 


Standard* 


Hannod  Shelter  Station 


Ma:clraua  remissible  Concentration 

CO  0.015  Trace  cu.iounts  only 

CO^  3  ij  0.1  fj  -  O.lv 

MiniMua  Pcrr.iissiblc  Concentration 

O2  1^^  17  -  19. 

Ilaninun  icrfectivc  TcMiJeraturo  (Temperature-Kunidity  Index) 

92°F  (Point  at  vhich  heat  proctratior.  79^^F** 

cor.r'.once3 ) 

Z'j^F  (Occupant  cx.^xiricncec  some 
dlscoi.u’ort) 


*  Ac  ectablicbed  at  t’no  Gliclter  S^eapociuii  'ncld  at  the  Ilaval  Wedical 
Research  Institute  in  December  I96].. 

**Ec tab li died  Prom  Tollowiap  mcacuroc'  values: 

IIa:<iiuin  Dry -Bulb  Tempo  rcturo  70*^ 

Mar.lnum  Wet -Bui  b  Temperature 
Resulting'  Erx^octive  Te;.ipcratui’c  79^F 
Maximum  Temperature  Ox’’  Intalio  Air  '71^ 


4.3  OHLRATICSIAL  FERPOH-TUICE 


Tl'.o  six  shelters  were  rianned  during  o-  recent  ucapon  effects  test. 
Four  men  occupied  each  shelter  and  ox«rated  fallout  collection  inctru- 
nente  and  mcasurinc  devices.  Tire  lenijtlj  of  occupancy  nrnced  from  3 
houi‘0  to  16  hours.  All  shelter  equiinont  operated  as  plnnnod.  Ihe 
blast  wave  was  felt  at  the  closest  shelter  but  caused  no  da;.ajo.  Initial 
effects  at  the  other  five  clieltcrG  were  noi;li”iblc. 

•nrree  of  tliealx  shelters  were  in  the  path  of  ei:;i;lficant  x'allout. 

!nre  interior  dose  rate  inside  of  the  shelters  was  not  reported  since 
fallout  samples  were  broucht  into  ti;e  shelter  for  radioactive  decajr 
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Bieasitraaents,  and  the  result ing  radiation  levels  produced  by  the  samples 
althoOGh  In  the  low  mr/hr  ranee  obscured  the  interior  dose  rate  produced 
by  the  fallout  on  the  exterior  surroundln:^s .  Kie  performance  of  the 
shelters  under  the  conditions  experienced  vas  excellent. 


SECTION  5 


SHELTER  MODITICATEOrJS  FOR  A  FAKLLf  FAUOJT  SHELTER 


maimed  shelter  stations  described  In  this  report,  with  certain 
design  modifications  and  outfitting  requlranents,  could  be  utilized  as 
single  family  fallout  shelters.  Heme  shelters  fall  Into  two  classes 
based  on  the  protection  required.  In  strictly  rural  eureas,  sufficiently 
distant  from  target  areas,  falloit  protection  alone  Is  required.  In 
metropolitan  areas  or  near  military  target  areas,  shelters  have  to  pro¬ 
vide  blast  and  thermal  protect! cm  along  with  fallout  protectlcm. 

l^ie  design  specifications  to  meet  the  requirements  for  blast,  ther¬ 
mal  and  fallout  protection  in  metropolitan  areas  and  near  military  tar¬ 
gets  are  more  stringent  than  those  outlined  In  Section  2.  A  dlscxission 
of  the  design  specifications  along  vlth  the  necessary  modifications  and 
outfitting  requirements  to  adopt  the  slie Iters  as  single  family  shelters 
follows,  along  with  a  revised  cost  estimate  reflecting  the  changes. 

Ihere  Is  no  discussion  however  of  the  various  furniture  and  sleeping 
accoBnodatlons  possible. 


5.1  BLAST  PROTECTION 


Ordinary  engineering  techniques  allow  us  to  design  shelters  fuz* 

»ljmoet  ai^  given  resistance  to  blast  pressures.  Costs  however,  rise 
teeply  b^remd  t}»  35  psl  Halt,  so  that  most  shelter  studies  have  con¬ 
cluded  thst  a  35  psl  design  resistance  prc^bly  represents  the  best 
comprcnlse  between  cost  and  ntsaber  of  people  jnrotected. 

Shelters  having  a  higher  degree  of  blast  protection  would  survive 
very  close  to  the  flrctall  i£f  the  weapem,  where  Initial  radiatioii  effects 
would  be  very  great,  this  would  tcarce  the  shelte*  deeper  into  the  ground 
for  protection,  and  at  this  point  a  design  other  than  the  cut-and-flU 
type  described  here  would  become  preferable,  l.e.,  Uumel  type  structures. 
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Lnproved  blast  protecti<»  for  the  shelter  described  in  this  report 
can  be  obtained  in  two  ways:  (l)  increasing  the  strength  of  the  entrance¬ 
way  and  (2)  increasing  the  de]^h  of  burial.  The  basic  structure,  as 
described  in  Section  3*^/  provides  adequate  blast  protection  for  the 
specific  dec  I  n  application. 

Increasing  the  strength  of  the  entranceway  would  Involve  increasing 
the  thickness  of  the  side  and  top  plates  to  qtiarter  inch  steel  emd  in¬ 
creasing  the  size  of  the  I  beam  stiffeners  from  k  to  6  in.  15iese  changes 
would  bring  the  calculated  resistance  up  to  that  of  the  door,  i.e.,  35 
psi.  No  changes  in  door  design  would  be  necessary. 

Increasing  the  depth  of  burial,  making  the  top  surface  of  the 
shelter  flush  with  the  grade  line,  would  result  in  a  lower  earth-fill 
profile  and  consequently  a  lower  side-on  overpressiire  load  on  the  buried 
structure.  Also  the  additional  material  fresn  the  excavation  would  mini¬ 
mize  the  requirement  of  providing  additional  material  for  backfilling. 

Blast  protection  requires  complete  sealing  or  severely  restricting 
openings  to  the  outside  atmosphere  during  the  period  of  blast  passage. 
Ihis  is  acccwnplished  in  the  described  shelter  by  providing  a  mechanical 
closure  device  for  the  air  intake  bcainet  and  a  pipe  cap  to  fit  over  the 
exhaust  vent  in  the  interior  of  the  shelter. 


5.2  'UIEBMAL  PROTECnON 


Thermal  radiation  can  be  an  important  cause  of  personnel  injuries 
to  exposed  people,  however  virtually  any  shelter  at  allcffers  complete 
protection  frem  direct  thermal  radiation.  Shelter  design  specifications, 
however,  have  to  consider  the  protection  against  mass  fires  (fire  storms) 
that  may  occvir  over  or  near  the  shelter.  The  primary  concern  is  the 
possibility  of  carbon  monoxide  i>oisoning.  large  quantities  of  carbon 
monoxide  are  formed  when  fires  continue  to  smolder  or  burn  for  prolonged 
times.  Of  secondary  concern  is  the  possible  increase  of  temperature 
in  the  slelter,  althoxigh  generally  the  earth  cover  required  for  radiation 
protection  offers  considerable  insulation. 

The  shelter  must  therefore  be  capable  of  being  sealed  and  have 
either  sufficient  air  or  air-regenerating  equipment  for  a  period  of 
time  ranging  from  k  -  2k  hours.  Submarine  experience  Indicates  that 
if  300  cubic  feet  of  air  is  available  per  person,  no  atmospheric  modi¬ 
fications  would  be  necessary  for  a  5-hour  stay  under  sealed  conditions. 
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As  pointed  out  in  the  previous  section,  the  described  shelter  has 
provision  for  complete  sealing.  IRie  volume  of  the  shelter,  including 
the  entranceway,  is  98O  cubic  feet  and  provides  adequate  air  for  four 
persons  for  a  period  of  12  hours  under  sealed  conditions. 


5.3  FALLOUT  PBDTECnON 


The  problem  of  protection  against  radiation  is  simply  one  of  get¬ 
ting  the  required  amount  of  shielding  material  between  the  object  to  be 
protected  and  the  radiation  source.  Various  authorities5>l6  have  stated 
that  fallout  shelters  should  provide  a  protection  factor  of  between  1000 
and  5000.  In  any  event,  the  radiation  exposure  in  a  shelter  should,  be 
limited  to  a  nominal  amount  to  permit  allocation  of  most  of  the  allowable 
dose  to  the  post-shelter  phase. 

The  protection  factors  measured  and  calculated  for  the  designed 
shelters,  as  pointed  out  in  Section  4.1,  range  from  ^0.000  to  470,000, 
adequate  to  provide  virtually  no-dose  protection  even  in  extremely  high 
radiation  fields.  For  example,  a  1-hr  radiation  intensity  of  50>000 
r/hr  3  ft  above  the  ground  would  lead  to  an  unprotected  infinite  dose 
of  200,000  r;  the ‘poorest  shelter  described  woxild  limit  exposure  to 
200,000/30,000  =  7  r  which  is  of  little  significance. 


5.4  INCREASED  ACCCMMODATIONS 


The  shelter,  as  it  is  now  designed,  can  accommodate  up  to  four 
people  for  a  period  of  12  hours  under  sealed  conditions.  The  basic 
structure,  however,  could  be  lengthened  with  no  significant  decrease  in 
streriiith  and  rigidity.  To  meet  the  air  requirements  under  sealed  con¬ 
ditions,  5  ft  of  length  can  be  added  for  each  additioral  occupant,  or 
the  diameter  of  the  basic  stinacture  may  be  increased.  Present  costs 
indicate  that  the  basic  structure  could  be  increased  in  length  for 
approxiirately  $50*00  per  lineal  ft.  The  entrancewa/  is  sufficiently 
large  to  accommodate  a  large  increase  in  shelter  habitants. 
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RSLOCATIOR  OF  CHSaQAL  a?OII£TS 


For  any  prolonged  occupan(^  of  the  shelter,  the  present  location 
of  the  chenlcal  toilets  behind  the  shelter  door  entrance  should  be 
changed.  IRiia  can  be  accomplished  by  extending  the  existing  shelter 
entrance  portion  an  additional  2-feet  to  form  an  end  ccmpartment  which 
could  be  curtained  for  privacy. 


^.6  msBimci  mT 


fiaergency  escape  from  the  basic  structure  in  event  of  blockage  by 
debris  or  structural  damage  to  the  normal  entranceway  can  be  provided 
by  the  Incorporation  of  a  "soft  patch",  a  bolted  sheet  of  corrugated 
Iron  installed  Just  forward  of  the  periscope.  In  emergencies,  exit 
frcai  the  beelc  structure  would  be  accomplished  by  removing  the  "soft 
patch"  from  the  inside  and  excavating  through  the  earth  fill,  allowing 
the  fill  material  to  enter  the  shelter. 


5.7  kwer  suepiz 


A  12.5-KH  gasoline-powered  motor  generator  was  provided  to  supply 
the  necessary  power  for  the  shelter  when  used  as  a  manned  fallout  station. 
Biis  amount  of  power  was  required  to  operate  the  various  measuring  instru¬ 
ments.  A  much  smaller  power  supply  can  be  substituted  when  this  shelter 
is  adapted  for  home  use.  A  1.5-KW  to  2-KW  portable  gasoline -powered 
motor  generator  would  supply  adequate  power  for  both  lighting  and  venti¬ 
lation.  The  unit  should  be  installed  in  a  separate,  blast -protected 
enclosure  near  the  shelter  to  minimize  noise  and  exlaust  fumes.  Blast 
protection  can  he  provided  bxirying  the  enclosure  in  a  pit  and  cover¬ 
ing  it  with  a  layer  of  earth.  Air  Intake  and  exhaust  vents  can  be  provided 
in  the  form  of  standard  1-ln.  pipes.  Remote  starting  capability  is  avail¬ 
able  for  most  commercial  generators  of  this  type. 


5.8  OOST  REDUCnCNS 


The  cost  analysis  presented  in  Section  3*10  pertained  to  the  fabri¬ 
cation  and  outfitting  of  the  shelters  as  manned  fallout  collection  sta¬ 
tions  in  a  weapons  effects  test  program.  Adaptation  of  the  shelter  for 
a  family  fallout  shelter  would  result  in  savings  in  overall  cost.  Hie 
principal  cost  however,  is  in  the  fabrication  of  the  basic  structure 
and  entranceway  and  this  cost  would  not  be  affected  by  the  conversion 
for  general  use.  Savings  in  overall  cost  however  can  be  effected  by 
the  following  methods: 

Elimination  of  Periscope.  Besides  the  cost  of  the  periscope  proper 
being  saved,  several  auxiliary  items  in  connection  with  the  installation 
of  this  Item  can  be  omitted.  These  include  the  periscope  gland  supports, 
the  special  aluminum  protective  cap,  and  the  grab  rungs. 

Removal  of  Benches.  At  present, work  benches  extend  full  length 
on  each  side  of  the  shelter.  These  can  be  excluded  almost  entirely 
with  a  small  section  left  for  food  preparation,  working  area,  etc. 
Several  folding  type  benches  for  sitting  coiHd  be  supplied  as  required. 

Lighting  and  Power.  The  work  done  in  the  shelter  required  good 
lighting,  hence  ^  hour  ^0-^vatt  fluorescent  lamps  were  employed.  A  sav¬ 
ing  can  be  effected  by  installing  two  100-watt  incandescent  lights  as 
a  substitute.  Power  outlets  should  be  reduced  to  one  or  two  duplex  con¬ 
venience  outlets. 

External  Piping.  The  majority  of  the  present  pipework  can  be  omit¬ 
ted:  all  pipework  for  sampling  equipment;  one  large  power  conduit,  euid 
reduction  in  size  of  that  remaining. 

Ventilation.  The  need  for  an  absolute  filter  was  not  demonstrated 
during  the  recent  field  experience.  The  absolute  filters  described  In 
this  report  were  removed  following  their  use  in  the  manned  stations, 
and  subsequent  analysis  showed  no  radioactivity  detectable  above  back¬ 
ground.  The  pre-filter  installed  in  the  bonnet  probably  retained  most 
of  the  radioactive  particles  entering  the  intake  system.  It  is  not  pos¬ 
sible  at  this  time  however  to  extrapolate  the  results  of  this  single 
example  to  the  case  where  fallout  intensities  hundreds  of  times  greater 
my  be  experienced. 

If  after  further  study,  substitution  of  a  less  efficient  filter 
with  a  lower  pressure  drop  proves  acceptable,  a  lower  cost  squirrel 
cage-type  blower  or  the  auxiliary  electrical/hand-operated  fan  described 
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ooiUd  b9  fubatltuted  for  the  expensive  centrifugal-type  fan,  a  substan¬ 
tial  savings  in  cost.  To  obtain  proper  air  mixing  hovever,  the  Intake 
ventilation  ductvork  should  be  extended  toward  the  rear  of  the  shelter. 

InsulatlCTi.  With  the  low-pressure-type  ventilation  fan  Installed 
as  recoonended,  the  vermiculite  sound-insulating  material  can  be  eli¬ 
minated.  The  prlmaxy  sound  problem  resulted  from  using  a  hlgh-rpa  fan 
in  the  original  design  to  overcome  the  high  pressure  drop  loss  across 
the  filter.  Under  the  revised  ventilation  system,  this  requirement 
would  no  longer  be  necesssuy. 

Miscellaneous .  As  shown  in  Table  5*1/  e  considerable  number  of  the 
accessories  have  been  eliminated,  cost  estimate,  although  consider¬ 
ably  reduced  from  the  costs  as  shown  in  Table  3.U,  still  reflect  the 
added  cost  of  adequate  blast  protection  up  to  35  psl.  If  lower  blast 
protection  is  required,  additional  savings  can  be  made  in  the  weight  of 
the  steel  structures. 


TmE  5.1 


Cost  Estimate  for  Home  Ffellout  Shelter 


Item  No.* 

Quantity 

Description 

Cost 

Basic  Structure 

1 

1 

Shelter  (12  Ga.) 

$1,900.00 

2 

1 

Elec.  Work 

65.00 

$1,9^5.06 

Entrance 

3 

1 

Entranceway 

$1,980.00 

Ventilation  System 

u 

1 

Vent  Duct  Work 

$  100.00 

5 

1 

Blower 

74.95 

6 

1 

Vent  Gap 

30.00 

7 

2 

Filter 

10.00 

1  S.V.95 

8 

1 

Chemical  Toilet  (w/duct) 

$  26.00 

9 

1 

Water  Container 

13.00 

10 

1 

Clock,  Manual 

3.95 

11 

1 

First  Aid  Kit 

9.50 

12 

1 

Shovel 

3.95 

13 

1 

Tool  Box^isc.  Tools 

15.00 

14 

1 

10  ft  Lai^er 

27.00 

15 

1 

Coil  Rope 

.15.00 

Sub  Total: 

$  103.40 

Total  Cost: 

$4,263.35 

^ee  Table 
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ASPEBDIX  A 


maiHEEhlNG  DBAJUMOB  OP  SHELTER  OCMPQNENTS 
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Er.tranct'  Arr&iigcti^nt  and  Details,  TVP®  ^ 


APPENDK  B 


PROTECTTOK  FACTOR  GALCUIATIONS 


The  methods  for  the  calculations  are  taken  from  reference  12  "Design 
and  Revlev/  of  Structures  for  Protection  Frcm  Fallout  Qaimna  Radlatlon"j 


A.  GALCUIATION  METHOD  FOR  REDUCTION  FACTOR,  OVERHEAD  CONTRIBUTION 
List  of  equaticms  used: 


n  =  2Z/L 


(1) 


n  =  normality  ratio 

Z  =  perpendicular  distance  between  horizontal  plane  and  detector 
L  =  length  of  struct^are 

e  =  W/L  (2) 

e  =  eccentricity  ratio 
W  =  width  of  structure 

w  =  fj^Cnje)  (Chart  3)  (3) 

W  =  solid  angle  fraction 

=  UT  (4) 

Xq  =  mass  thickness  overhead 
U  =  unit  weight  of  barrier 
t  =  barrier  thicloiess 


Co  *=  (Cliart  4;  also  (5) 

see  example  3c) 

Co  =  reduction  factor  for  combined  shielding  effects,  roof 
contribution 


^3 


(6) 


2  Co  =  RP^ 
o 

RP^  =  reduction  factor,  all  ccsnponents  of  roof. 

B.  GAKUIATTON  MEDIOD  FOR  REDUCTION  FACTOR,  ETJTmircEWAY  SCATTERED 
COWTRIBUTEON 

Step  1.  Determine 

=  solid  angle  fraction  (entrance) 

Step  2.  RF^  =  f^  (W,  case  1  *  Aj^)  (Chart  lO) 

RP^  =  reduction  factor  (at  pt,  l) 

Step  3*  Determine  Wg  and 

Wg  &  W_  =  solid  angle  fraction  from  pt.  1  to  pt.  2  and 
^  pt.  3  respectively 

Step  4.  Determine  (Chart  4) 

Xg  ^  mass  thickness  of  vail  between  passageway  and  shelter 

Step  5.  =  f|^  (Xe)  (Chart  7) 

S^  =  fraction  of  emergent  radiation  scattered  in  vail  barrier 

Step  6,  RPg  =  Aj^xW^x0.1xSw  (see  Section  7b) 

RFg  =  reduction  factor  at  pt.  2 

Step  7.  RP^  =  X  X  0.1  x 

RF_  =  reduction  factor  at  pt.  3 

Step  8.  RP  =  I  2  3  xW  X  0.5  (see  Section  7o) 

c  \  2  ^ 

RF  =  reduction  factor  at  shelter  center 
c 
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j®fg“  %  I 

step  9.  RFe  =  1 - j—^J  xW^xO.^ 

RF  =  reduction  factor  at  far  end  of  shelter 
e 

C.  PHOTECHOK  FACTOR  FOR  SHELTER 
P  =  1/(RF  +  Rl^J 

•L  W  iJ 

P^  =  protection  factor 

RF  =  overhead  reduction  factor 
0 

RF  =  scattered  reduction  factor 
s 

D.  NUMERICAL  VALUES  USED  AND  OBTAINED 
Z  =  8  ft 

L^  =  10  ft  (shelter  center  calculation) 

L^  =  ao  ft  (shelter  end  calculation) 

¥  =  3  ft 

U  =  126  Ib/ft^  (shelters  SI,  S2,  S3  and  Sl^) 

=  0.07 

Wo  =  0.01 

w^  =  c. 00375 

W  =  0.2 
c 

We  =  0.09 
Xe  =  5  Ib/ft^ 


^5 


t  values  in  ft 


SI 

34 

S5.  S6 

4 

3.4 

3.5c 

3.62 

4 

4.1 

3.51 

3.69 

3.72 

to 

4.32 

3.75 

3.93 

3.97 

t4 

4.65 

4.1 

4.28 

4.32 

^5 

5.05 

4.72 

4.9 

4.94 

Co  and  Wo 

values 

Center 

£nd 

Co  • 

0.2 

Wo  = 

0.04 

Co  =  0.1 

Wo  =  0.027 

0,k 

0.08 

C^  =  0.2 

w*  =  0.060 

n 

®s,' 

Cq  * 

0.6 

^0- 

0.12 

Co  '  0-3 

Wo  =  0.085 

0.8 

w*« 

0.15 

c'*=  0.4 

W*"»  0.11 

SJ 

,tnt 

'o 

1.0 

«*?•* 
^0  • 

0.18 

-Mil  -  ^ 

Co  =  C-5 

W^*=  0.l4 

0 

RP  values  (overhead,  all 
values  X  10-^ 

S1.S2 

_S3 

s4 

S5,S6 

Center 

Ekid 

Center 

End 

Center 

End 

Center 

End 

Co(Wo>Xo) 

1.55 

1.28 

5.7 

4.4 

3.9 

3.0 

15 

n 

Co(''o»*o)-Co('’o/Xi) 

0.4 

0.46 

2.0 

2.2 

1.35 

1.5 

6.3 

6.6 

Co(Wo»*^)-Co(Vi,xD 

0.1 

0.1 

0.65 

0.7 

0.35 

0.35 

2.6 

2.1 

,(w™,x;'Uo(w;.c 

) 

m 

0.05 

0.06 

0.1 

0.07 

0.6 

0.7 

Continued 


RPjj  values  (overhead,  all 
values  X  10 *o) 


S1,S2 

S3  Sk 

S5,s6 

Center  End 

Center  End  Center  End 

Center 

End 

0o(«r. 

RFq(x  10-6) 

0.05 

0.07 

2.05  1.75 

0.4  7.36  5.7  4.92 

24.55 

20.47 

RFg  values  (scattered,  all  shelters) 

RFg^  =  Ai,  =  0.0125 

RP^  =  1.25  X  10*5 

RPg  =  3.75  X  10’'" 

RP  =  0.31  X  10 

®c 

RPg  =  0.365  X  10'^ 
e 


values 


Front  End 
(Pos.  2) 

Center 

Back  End 

P^(S1,  S2) 

70,000 

350,000 

470,000 

Pr  S3 

50,000 

110,000 

130,000 

Pf  sit) 

63,000 

150,000 

190,000 

Pf(s5,  s6) 

30,000 

40,000 

43,000 
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Copies 


10 

1 

2 

1 

1 

2 

1 

1 

2 

10 

1 

1 

1 

1 

1 

1 

1 

3 

5 

1 

2 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 
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NAVY 

Chief,  Bureau  of  Ships  (Code  210L) 

Chief,  Bureau  of  Ships  (Code  320) 

Chief,  Bureau  of  Ships  (Code  3626) 

Chief,  Bureau  of  Ships  (Code  685C) 

Chief,  Bureau  of  Ships  (Code  423) 

Chief,  Bureau  of  Medicine  and  Surgery 
Chief,  Bureau  of  Haval  Weapons  (RRMA-11) 

Chief,  Bureau  of  Supplies  and  Accoimts  (Code  Wl) 
Chief,  Bureau  of  laz^s  and  Docks  (Code  74) 

Chief,  Bureau  of  Yards  and  Docks  (Code  £>400) 

Chief  of  Haral  Personnel  (Pers  CU) 

Chief  of  Naral  Operations  (0p-O7T) 

Chief  of  Haval  Operations  (Op-446) 

Chief  of  Hatral  Operations  (Op-75 
Chief  of  Naral  Operations  (0p-03EG) 

Chief  of  Haral  Research  (C<^e  104) 

CoBBander,  Nev  York  HaTal  Shipyard  (Material  Lab.) 

Director,  Haral  Research  Laboratory  (Code  2021) 

Office  of  Haral  Research,  London 

CO,  Haral  Unit,  krmy  CheMcal  Center 

CO,  U.S.  Haral  Civil  Englneerlnff  Laboratory 

O.S.  Haral  School  (CEC  Officers) 

CO,  Construction  Battalion  Center,  Port  Ruensae 
CO,  Constjructlon  Battalion  Center,  Darlsrllle 
CO,  Construction  Battalion  Base  Unit,  ibrt  Hueneae 
CO,  Construction  Battalion  Base  Unit,  Darlsrllle 
CO,  Disaster  Recorery  Training  Unit,  Port  Htieneaa 
CO,  Disaster  Recovery  Training  Unit,  Darlsrllle 
CO,  Yards  and  Docks  Supply  Office,  Port  RuensM 
Coanander,  Ihval  Air  Material  Center,  Philadelphia 
Haral  Medical  Research  Institute 
Director,  Haral  Weapons  Laboratory,  IhdUgren 
CO,  Haral  Schools  Coanand,  Treasure  Island 
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2 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

2 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 


CO,  Naval  Daaago  Control  Training  Center,  Philadelphia 

U.S.  Naval  Postgraduate  School,  Monteirey 

CO,  Fleet  Ti*ainlng  Center,  Charleston 

CO,  Fleet  Training  Center,  Newport 

CO,  Fleet  Training  Center,  Norfolk 

Commander  Fleet  Training  Group,  Guantanamo  Bay 

Commander  Fleet  Training  Group,  San  Diego 

Cooimander  Fleet  Training  Group,  Western  Pacific 

C<Mnmander  Fleet  Training  Group,  Pearl  Harbor 

CO,  Nuclear  Weapons  Training  Center,  Pacific 

CO,  Nuclear  Weapons  Training  Center,  Atlantic 

CO,  David  W,  Taylor  Model  Basin 

Commander,  Naval  Ordnance  Laboratory,  Silver  Spring 
Cojnnander,  Training  Command,  Pacific  Fleet 
Comnander  Training  Command,  Atlantic  Fleet 
Director /JVO,  Atlantic  Division,  BuIandD,  New  York 
Director,  Southeast  Division,  BuIandD,  Charleston 
Director,  Southwest  Division,  BuIandD,  San  Diego 
Director,  Northwest  and  Alaskan  Division,  BuIandD,  Seattle 
CO,  Naval  Training  Device  Center,  Port  Washington 
Commandant,  First  Naval  District  (DPWO) 

Conmandant,  Third  Naval  District  (DIVO) 

Coinnandant,  Fourth  Naval  District  (DPWO) 

Conmandant,  Fifth  Naval  District  (DPWO) 

Commandant,  Sixth  Naval  District  (DIWO) 

Commandant,  Eighth  Naval  District  (DPWO) 

Conmandant,  Ninth  Naval  District  (DPWO) 

Commandant,  Eleventh  Naval  District  (DPWO) 

Commandant,  Twelfth  Naval  District  (DPWO) 

Coumandant,  Thirteenth  Naval  District  (DPWO) 

Commandant,  Fourteenth  Naval  District  (DPWO) 

President,  Naval  War  College 
Director,  Institute  of  Naval  Studies,  Newport 
GO,  Naval  Piigineering  Experiment  Station 
ClnC,  Pacific  Fleet 
GinC,  Atlantic  Fleet 

Comnander  Amphibious  Force,  Pacific  Fleet 

Commander  Amphibious  Force,  Atlantic  Fleet 

CO,  Pn.eet  Anti-Air  Warfare  Training  Center,  Dam  Neck 

CO,  Fleet  Anti-Submarine  Warfare  School,  San  Diego 

ClnC,  U.S.  Naval  Forces,  Europe 

Commander,  U.S.  Naval  Forces,  Azores 

Commander,  U.S.  Naval  Forces,  Japan 

Commander,  U.S.  Naval  Forces,  Iceland 

Commandant,  U.S.  Coast  Guard 
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MARINE  CORPS 


1  Conmandant  of  the  Marine  Corps  (A03H) 

1  Commandant,  Marine  Corps  School  (GMCLFDA) 

1  Director,  Marine  Corps  Deveiopinent  Center 

1  CG,  Fleet  Marine  Force,  I^clflc 

1  CG,  Fleet  Marine  Force,  Atlantic 

1  CG,  First  Marine  Division 

1  CG,  Second  Marine  Division 

1  CG,  Third  Marine  Division 

1  CO,  Naval  Medical  Field  Research  Laboratory,  Camp  lejeune 


1 

1 

1 

1 

10 

5 

1 

1 

1 

1 

3 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

10 

5 

2 

2 

2 

2 

1 

1 

1 

1 


ARMY 

Chief  of  Research  and  Development  (Atomic  Div, ) 

Chief  of  Research  and  Development  (Life  Science  Div.) 
Deputy  Chief  of  Staff  for  Military  Operations 
Deputy  Chief  of  Staff  for  Loristics 
Chief  of  Engineers  (ENGMC-EB) 

Chief  of  Engineers  (ENGMC-DE) 

Chief  of  Engineers  (ENGRD-S) 

Chief  cf  Engineers  (ENGCW-E) 

CO,  Fort  McClellan,  Alabama 

Commandant,  Chemical  Corps  Schools  (Library) 

CO,  BW  Laboratories 

CO,  Chemical  Research  and  Development  Laboratories 
Conanander,  Chemical  Corps  Nuclear  Defense  Laboratory 
CG,  Continental  Amy  Conmand,  Fort  Msnroe  (ATLOG) 

CG,  CONARC  (CD-CORG) 

CG,  Quartermaster  Res.  and  Eng.  Comnoind 

President,  •  er  Bop^^i,  ’'ee 

CO,  Dugway  Pro.lng  Gi’ound 

CO,  Chemical  Corps  Field  Requirements  Agency 

Combat  Developments  Ejq^erlmentation  Center,  Fort  Qrd 

CG,  Engineer  Res.  and  Dev.  Laboratory 

CG,  Army  Engineer  Center,  Fort  Belvoir 

Asst.  Conmandant,  Army  E^neer  School,  Fort  Belvoir 

Conmandant,  Air  Defense  School,  Fort  Bliss 

Commandant,  Conmand  and  General  Staff  College 

Superintendent,  U.S.  Military  Academy,  West  Point 

Conmandant,  Arny  War  College 

CE,  Ballistic  Missile  Construction  Office 

CG,  Military  Construction  Supply  Agency 

Board  of  Engineers  for  Rivers  and  Harbors 

CQ,  Army  Air  Defense  Conmand  (Engineer  ) 
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1 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

2 

2 

2 

2 

2 

2 

2 
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CG,  Continental  Anaj  Conmiand,  Fort  Monroe  (Engineer) 

CG,  First  Anay  (Engineer) 

CG,  Second  Amy  (Engineer) 

CG,  Third  Amy  (Engineer) 

CG,  Fonrth  Amy  (Engineer) 

CG,  Fifth  Amy  (Engineer) 

CG,  Sixth  Arty  (Engineer) 

CG,  Military  District  of  Washington  (Engineer) 

CG,  U.S.  Amy  Alaska  (Engineer) 

CG,  U.S.  Amy  Caribbean  (Engineer) 

CG,  U.S.  Amy  Forces,  Antilles  (Engineer) 

CG,  U.S.  AnBy,Etirop8  (Engineer) 

CG,  Seventh  U.S.  Amy  (Engineer) 

CG,  U.S.  Amy  Pacific  (Engineer) 

CG,  U.S.  Eighth  Amy  (Engineer) 

CG,  USARYIS/n  Corps  (Engineer) 

CG,  Southern  European  Task  Force  (Engineer) 

CG,  U.S.  Amy,  Japan  (Engineer) 

Coimandant,  Amy  Armored  School,  Fort  Knox 
Coionandant,  Amy  Artillery  and  Ittssile  School,  Fort  Sill 
Commandant,  Amy  Infantry  School,  Fort  Banning 
Commandant,  The  Quartermaster  School,  Fort  Lee 
Commandant,  Amy  Ordnance  School,  Aberdeen 
Commandant,  Amy  Ordnance  and  Guided  Missile  School 
Conmandant,  Amy  Signal  School,  Fort  Monmouth 
Commandant,  Army  Transportation  School,  Fort  Eustis 


AIR  FORCE 

1  Directorate  of  Operational  Requirements  (DCS/Operations) 

1  Assistant  Chief  of  Staff,  Intelligence  (AFCIN-3B) 

6  CG,  Aeronautical  Systems  Division  (ASAFI^-NS) 

1  Directorate  of  Civil  Engineering  (OFOCE-ES) 

1  Director,  USAF  Project  RAND 

2  Commandant,  School  ot  Aerospace  Medicine,  BrooKs  AFP 

1  CG,  Strategic  Air  Command  (Ops  Analysis  Office),  Offutt  AFB 

1  CG,  SAC,  Offutt  AFB  (Dir.  of  Civil  Eingineering) 

1  Office  of  the  Siorgeon  General 

10  CG,  Special  Weapons  Center,  Kirtland  AFB 

1  Directorate  of  Nuclear  Safety  Research,  Kirtland  AFB 

1  Director,  Air  University  Library,  Maxwell  AFB 

2  Conaander,  Technical  Training  Wing,  3415th  TTG 

1  Coonander,  Cambridge  Research  Laboratories 

1  Hq.,  Air  Force  Technical  Applications  Center 
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OTHER  POD  ACTIVITIES 
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1 

1 

1 

1 

1 

1 

1 


1 

1 

1 

1 


25 

% 


Chief,  Defense  Atomic  Support  Agency  (Library) 
Commander,  FC/DASA,  SanJia  Base  (FCDV) 

Commander,  FC/DASA,  Sandia  Base  (FCTG5,  Library) 

Gonmiander,  FC/DASA,  Sandia  Base  (FCWT) 

01 C,  Livermore  Branch,  FC/DASA 

Director,  Weapons  Systems  Evaduation  Group 

Joint  Atomic  Information  Exchange  Group 

Director  of  Defense  Reseeirch  and  Engineering 

Assistant  Secretary  of  Defense  (Supply  and  Logistics) 

U.S.  Military  Representative,  SHAPE 

U.S.  Military  Representative,  NATO 

U.S.  Military  Representative,  SEATO 

Director,  Advance  Research  Projects  Agency 

Comnander  in  Chief,  STRIKE  Command 

Armed  Services  Technical  Information  Agency 

Commandant,  National  War  College 

Commandant,  Industrial  College  of  the  Armed  Forces 

Commandant,  Armed  Forces  Staff  College 


OCD 


Office  of  Civil  Defense,  Washington 
OCD,  Region  1,  Harvard,  Massachusetts 
OCD,  Region  2,  Olney,  Maryland 
OCD,  Region  3,  Tomasville,  Georgia 
OCD,  Region  4,  Battle  Creek,  Michigan 
OCD,  Region  5,  Denton,  Texas 
OCD,  Region  6,  Denver,  Colorado 
OCD,  Region  8,  Everett,  Washington 


OTHERS 


Centred  Intelligence  Agency 
Research  Analysis  Corporation 
AEG  Division  of  Military  Applications 
Hq.,  U.S.  European  Communities 

OTS 

Office  of  Techniced  Services,  Dept,  of  Coaroerce,  Vliashington 
USNRDL 

USNRDL,  Technical  Information  Division 

DISTRIBUTION  DATE:  1  July  1963 
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